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The experiments  about  to be  described  had  for their  purpose  an
attempt  to  determine  the character  of  the initial physical or chemi-
cal  changes  which  occur  in an  organ  as  the  result  of its  becoming
disconnected  from  the  blood  supply,  and  are  responsible  for  the
setting up anew  or  the gaining ascendency  of  those  catalytic  proc-
esses  commonly  known  as  autolysis.  It seemed  that  information
gained  in this  direction  would  be  of  especial  value  in  a discussion
of  thequestion  as  to whether  autolytic  processes  present but a sur-
vival  of  the  same  or similar processes  occurring  in  the  living  cell
or  whether  they  represent  reactions  set  up, de  novo  as  the  result
of  incipient  somatic  death.
The  point  of  attack  in  such  a  problem  must  fall  upon  the  ini-
tial  or  early  hours  of  the  autolytic  process.  On  this  account, one
may  neglect  in  the  discussion  the  almost numberless  investigations
dealing with autolytic processes  in  general  and the  effect  upon  them
of  changes  in  condition  such  as  reaction,  etc.,  and  confine  oneself
to  the experiments  in  which the  autolysis  was  studied  with especial
reference to the  first six to eight hours  after shutting off the circu-
lation  from  the organ  either by  removal  from  the  body  or  other-
wise.
But  few  investigators  have  busied themselves  directly  with  this
line  of  work.  Of  first  importance  must  be  considered  the  work
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of Lane-Claypon  and  Schryver  ()  which  indicates  that the course
of autolysis  in the first twenty-four hours  may be divided into three
stages;  (a) a latent period of from two to  four hours,  (b)  a period
of  rapid  autolysis and  (c)  a period  of  gradual  autolysis.
Of perhaps chief interest in this connection  is the  latent period of
two  to four hours existing  between  the removal of the tissue  from
the  body  and  the  commencement  of  autolysis.  If  such  a  latency
in autolysis  does exist and is not the result of some  condition of the
experiment,  then  it  becomes  natural  to  conclude  that  this  latent
period  represents  the  time  during  which  the  condition  of  the  cell
is  being  so  changed  by  the  lack  of  circulating  blood  and  perhaps
other  causes  that  new  or  more  rapid  catalytic  reactions  may  take
place  and  set  up  a  disintegration  more  pronounced  than  occurs
during  cellular  life.  Such  reactions  may  be originated  in  various
ways.  Lane-Claypon  and  Schryver  found  that  the  state  of  nu-
trition  markedly  influenced  the  course  of  the  autolysis  in  that  the
latent  period  was  absent  in  the livers  of  fasting  animals  and  that
these  tissues  underwent  more  rapid  decomposition  than  was  the
case  in  the  well-fed  animal.  This  is  explained  with  the  assump-
tion  that  since  it  is  probable  that  enzymes  are  liberated  in  the
process  of autolysis,  the  fasting  liver  contains  more  enzymes  free
to  act  (uncombined)  or  in  the  form  of  corresponding  zymogen.
The  latent period  is taken  as indicating  that in  the well-fed  animal
a preponderance  of the enzymes  are  in the  form  of zymogens  and
that  the  first  stage  in  autolysis  consists  in  the  transformation  of
zymogen  into  active  zymin.  The  presence  of  free  enzymes  in
fasting  animals  indicates  to  these  authors  the  probability  that  the
liberation  of  these  enzymes  acts  as  a  normal  mechanism  for  the
intravitam utilization  of proteins  in tissues-the  supplying of  food
when none is taken  in  per os.
In  a  subsequent  paper  Schryver  (2)  has  somewhat  altered  his
theory of enzyme liberation  as a cause of the latent period  in order
to  correspond  to  criticisms  of  Wiener  (3),  who  claimed  that  the
latent period  was merely  due  to the natural  inhibitory  effect  of the
alkaline  reaction  of  the  living  tissues  and  that  the  latency  ended
with  the  sufficient  neutralization  of  the  alkalies  by  means  of  the
acids  formed  in autolysis.  This, of course,  is  reasoning  in  a circle
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since  it  does  not  explain  what  originates  or accelerates  the  process
by which  the  acids  are  formed  for neutralization  purposes.
Schryver  has  advanced  a  somewhat  complicated  theory  for  the
preservation  of  chemical  equilibrium  in  the  living  cell.  The  equi-
librium  of  enzymes  is  established  by the  presence  of  an  excess  of
ammonia  which  prohibits  the  formation  of an  acid reaction,  neces-
sary for autolysis.  During starvation, the excess of ammonia gradu-
ally  disappears  and  when  the  production  of  acid  is  sufficient  to
supersaturate  the  alkalinity,  the  autolytic  enzymes  liberate  amino-
acids; these in turn are transformed  in the liver with the production
of ammonia  which again  inhibits  the autolytic processes.  The non-
nitrogenous  moiety of the  autolytic products  serves  as food  for the
fasting cells.
It can hardly be  conceived that  the author believes that  free  am-
monia  is present  in  the cell  at  any time,  although  this  is  necessary
to the  theory.  In  view  of  the  neutrality  of  protoplasm  and  the
extreme  variations  which  may  occur. in  the production  of  acid  and
of alkali  without  change  in this neutrality  as  shown by Henderson
and  Black  (4),  Schryver's position  seems  untenable.
On  account  of  the  many  possible  explanations  for  the  latent
period  and  its  importance  in  deciding  the  cause  of  autolysis,  it
seemed of sufficient  interest to examine this  subject somewhat  more
closely  and  to  attempt  if possible  to  shorten or  prolong  the  period
by altering  the  conditions  of the  experiment.
In  order  to  obtain  an  insight  into  the character  and  velocity  of
the  reactions  taking  place  in  the  liver  after  its  removal  from  the
body,  three  factors  were  determined  during  the autolyses.
I.  The  changes  in  the  depression  of  the  freezing  point.  This
method  has  been  employed  by  several  authors  and  more  recently
by Fredericq  (5),  Delrez  (6)  and by  Wells and  Benson  (7).  The
first  of these  investigators  employed  a  somewhat  complicated  pro-
cedure  in  the  preparation  of  the  tissue  for  examination.  The
methods  seem  faulty and  have been criticized  by Wells.  The latter
two authors  have  determined  coincidently  the  changes  in the  elec-
'trical  conductivity  and  depression  of the  freezing  point  during au-
tolysis.  Both  authors  report  that  in general  these  factors  parallel
each other closely.  In this work, therefore,  the determination of the
electrical  conductivity  has  for various  reasons  been  neglected.Rate of  Aseptic Post-mortem Autolysis.
2.  The  increase  or  decrease  in  non-coagulable  nitrogen.
3.  Changes in reaction  were examined by means of phenolphtha-
lein  and  dimethylaminoazobenzene.  Body  fluids  react  acid  to  the
former  and  alkaline  to  the  latter;  phenolphthalein  is  particularly
sensitive  to changes  in the hydrogen  ionic content  while  dimethyl-
aminoazobenzene  only  indicates  an  H + concentration  about  equal
to that of an o.8 per cent. lactic acid solution.  In this way it seemed
possible  to  determine  the  character  of  the  substances  causing  the
change in reaction,  if such  occurred.
The  general  method  of  experimentation  was  as  follows:  the
liver tissue was removed aseptically, 2 passed  through  a sterile  hash-
ing  machine  into  a  sterile  Erlenmeyer  flask  of  500  cubic  centi-
meters  capacity  provided  with  a  cotton  plug.  The  flask  contain-
ing 300  cubic centimeters  of  the  salt  solution  (cold  or at  380  C.)
in  which  the autolysis  was  to proceed  was  counterpoised  on  scales
and  Ioo grams of the ground  tissue were  weighed  out by  allowing
the material to drop from the machine directly  into the flask.  Dur-
ing  the  process  the  whole  apparatus  was  covered  with  a  sterile
cloth  to exclude  air contamination.  The mixture being thoroughly
shaken  a control  sample  of 50 cubic centimeters  was  removed  with
bacteriological  technique  into  a smaller  stoppered  flask.  This  was
brought  to  the  boiling  point  without  change  in  reaction,  allowed
to cool,  thoroughly  mixed,  and  filtered.
This  coagulum-filtrate  was  immediately  put  through  the  routine
examination  for  determination  of  the  depression  of  the  freezing
point  by means of Beckmann's apparatus,3 determination  of the non-
coagulable  nitrogen  by  the  Kjeldahl  method  and  titration  of  the
respective  acidity  by  means  of  phenolphthalein  and  alkalinity  to
dimethylaminoazobenzene.  For  each  of  these  determinations  ten
cubic  centimeters  of  the  filtrate  were  employed  and  all  were  con-
ducted  in  duplicate.
After the  removal  of  the  control  sample  the  flask  was  placed  in
the  thermostat  at  380  C;  when  the  liver  was  not  irrigated  this
'The  usual  surgical  operative  technique  was  employed.
*  Several control  examinations  were made  as to  the  depression  of  the  freezing
point of  the  coagulated  and  uncoagulated  samples.  The  two  gave  results  which
were  almost  identical  or  within  the  limit of  accuracy  of  the  work.
58Holmes  C.  Jackson.
occurred  about  twenty  minutes  after  the  death  of the  animal;  the
washing  of  the  organ  occupied  ten minutes  longer  time.  At defi-
nite  times  as indicated  by the  protocols,  samples  of  50 cubic  centi-
meters  were  removed  with  bacteriological  technique,  the  sample
coagulated  as  above  and the  main  flask  returned  to  the  incubator.
At each  time when  a sample  was withdrawn, a drop of the autolytic
mixture  was  allowed  to  fall  upon  a  sterile  agar  slant  and  at the
end  of  the  experiment  these  were  incubated  at  38o  C.  for  from
twenty-four  to  forty-eight  hours..  In  practically  all  cases  where
the  experiments  ran  for  only  six  to  eight  hours,  the  agar  slants
when  examined  by  a  stained  smear  gave  negative  results-indi-
cating a  practical  absence  of  organisms  or, at least, that  they were
in such  small  numbers that a drop  of the mixture taken at random
failed  to include  one of  them.  All  experiments  in  which the  slant
or smear  indicated  organisms,  have been  excluded.  In the  experi-
ments  where  the period  was  extended,  it was  noticed  that at times
at  the  twelfth  hour  there  was  evidence  of  the  presence  in  small
numbers  of certain  organisms.  In  some  instances  the  tests  would
remain  negative even at twenty-four  hours;  in others the hay bacil-
lus  or  another  bacillus  which  will  be discussed  in  a  short  note  by
Jackson  and  Hawn,  made  its  appearance  between  twelve  and
twenty-four  hours  in  quantities  sufficient  to  give  a decidedly  sour
non-putrefactive  odor  to the  autolytic  mixture.  In this  connection
must be mentioned  the work of Magnus-Levy  (8)  who showed  that
acids of fatty nature  as well  as methane  and hydrogen  sulphide  are
produced  during  the  first  twenty-four  hours  of  aseptic  liver  au-
tolysis.  His  results  as  regards  acidity  are  confirmed  in  the  work
presented  here.  This  author  also  experienced  the  same  difficulty
in  obtaining  sterile  organs  that  was  met  with  in  this  work.  Ex-
periments  in which  infection  has occurred  have either been  omitted
or  a  note  of  the  infection  made  in  the  protocol.  In  some  other
experiments  a  decided  putrefactive  odor  appearing  between  six
and  eight  hours  indicated  contamination  of  some sort;  no  account
has been taken  of these.
Note  must also be  made  of the  fact mentioned  by  Schryver  (9)
and  others  that  very  frequently  the glycogen  when  present  in the
liver  of  the  dog disappeared  very  slowly  during  the autolysis.  In
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certain  experiments  it  was  still  present  at  the  end  of six  hours  of
incubation;  at  times,  however  it  would  disappear  earlier,  but  no
instance  can  be  found  in  the  notes  where  the  first  or  third  hour
sample  was  negative  when  the  control  indicated  the  presence  of
glycogen.  Schryver  states  that  in  fasting  dogs  the  glycogen  dis-
appears  very  quickly,  while  it  remains  for  twenty-four  hours  in
the livers  of well-fed  animals.  It  is hard to  explain why  livers  of
animals  which have  fasted  for several  days should  contain glycogen
at all,  since  it is  ordinarily  believed  that  in  starvation  it disappears
quite  quickly.  In  only some  of  the  fasting animals  in  the  experi-
ments of this paper  did glycogen  appear  in  the  liver; it is  therefore
manifestly  impossible  to  make  comparison  with  Schryver's  results.
The  variations  in  appearance  of  glycogen  and  the  rapidity  of  its
disappearance  noticed  in  the  well-fed  animals  renders  Schryver's
distinction  improbable  however.  The  probable  relationship  of  the
slow disappearance  of glycogen  from  the liver  post-mortem  and of
its presence  or  absence  to the  autolytic  processes  going  on,  is dis-
cussed  elsewhere  in  this  paper.
Again in certain  autolyses  the mixture after  the second or fourth
hours  began  to  take  on  a  greenish  nuance  which  developed  quite
rapidly  in  intensity  until  at the sixth  hour,  the  color  became  dark
green,  almost black.  This was noticed,  of course,  in  a comparison
of the  coagulum-filtrates  at the end of the  experiments  and  seemed
most prone  to occur  in those cases  where the liver contained  glyco-
gen;  the  phenomenon  remained  present  throughout  the  autolysis.
Without doubt this peculiar condition was the result of the presence
of  oxidizing  enzymes  similar  to  tyrosinase  and  to  those  which,
noticed  in  plants by Palladin  (o)  and  others,  transform  colorless
into dark colored  compounds,  pigments  or  melanines.
As  evidence  of  the  accuracy  of  the  experiments  and  the  limits
of error  which  the  technique  involved,  reference  must  be  made  to
the  protocols  of  two  experiments  No.  25A,  B  and  C  andl  26A,  B
and  C.4 In  these  cases  three controls  were  simultaneously  started
the only difference  being that two of them in  each  experiment  were
kept  in  the  dark.  Since  this  condition  did  not  seem  to  effect  the
autolyses,  the  results  serve  as  admirable  controls  of  the  method.
'See Tables  II, III  and  IV.
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The  experimental  evidence  obtained  as  the  result  of  this  work
will  be taken  up as  follows:
I.  Effect  on  latent period  of  (a)  condition  of animal,  (b)  pres-
ence or absence  of blood,  (c)  temperature  of  diluent  salt  solution.
2.  Effect  of conditions  upon  the commencement  and  rate  of  the
autolysis.  (a)  nutritional  state  of  the  cell,  (b)  light,  (c)  anti-
septics,  (d)  reaction,  (e)  salt concentration.
LATENT  PERIOD.
Effect  of  Nutrition.-Schryver's  experiments  indicated  that  the
best  conditions  for  obtaining  a  latent  period  were  present  in  the
livers  of  well-fed  animals.  Hence  Series  I  (four  experiments)
was  carried  out  after  the  general  method  indicated  previously  in
the  paper.  The  animals  were  well-fed  for  several  days  previous
to  death;  the  livers  were  taken  out  without  irrigation  and  cold
physiological  salt  solution  (a  0.568)  added  in appropriate  amount.
The  whole  mixture  of  tissue  and  salt  solution  was  then  placed  in
the thermostat  at 380  C.  All  experiments  (5a,  5b,  6,  io)  showed
(Table I)  that the  depression  of the  freezing  point remained  prac-
tically  the  same  as  the  control  with  a  slight  tendency  perhaps  to
decrease  until  the  third or the  fourth  hour  after  which  a  more  or
less  marked  increase  occurred  to  the end  of the  experiment.  The
figures  for  the  non-coagulable  nitrogen  although  somewhat  frag-
mentary  indicate  also  a  positive  decrease  from  the  control  occur-
ring  during  the  first  three  or  four  hours.  The  figures  for  the
fifth and  sixth hours  rising  above the  control  are  indicative  of  the
commencement  of  nitrogenous  autolysis.  The  acidity  to  phenol-
phthalein  increased  without  much  evidence  of  latency  except  in
Experiment  6 while the figures  for the alkalinity  to dimethylamino-
azobenzene  vary-two  experiments  showing  no  change,  one  an  in-
crease  and  one  a  decrease.  The  figures  considered  as  a  whole
would  certainly  convey  the  impression  that  autolytic  changes  of
the usual  type  had not begun  to show  themselves  until between  the
third and  fourth  hour after removal of the tissue from the animal's
circulation.
In  the  endeavor  to  control  the  statement  of  Schryver  that  the
fasting  livers  did  not  show  this  latent  period,  Series  II  of  three
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TABLE  .5
Series I.
Control.  i Hour.  2 Hours.  3 Hours.  4  Hours.  Hours.  6  Hours.  7  Hours.
Exp. 5a  0.670  0.655  0.665  0.680  0.690  0.715  0.750
6.20  5.20  5.25  5.05S  5.35  5.95  6.60
Well-fed  0.55  o. 6o  o.65  0.70  .- 75  o.
85  i.85
0.85  .0  I- 15  1.30  1.45  1.65  2.20
Exp.  sb  0.670  - 0.665  0.665  0.685  0.685  0.695  0.710
- - 5.65  5.75  5.55  5.55  5.65  5.85
Well-fed  0.30  040  o.40o  o. 35  0 55  o.6o  0.65  o.70
1.00  1.05  1.00  0.95  1.0  1.00  o0.95  095
Exp. 6  0.665  0.650  0.660  0.655  0.665  0.665  0.675  0.690
7.00  . 6.15  5.90  6.60  7.8  8.00  8.30  --
Well-fed  0o50  0o50  0.50  .6o  0.65  o.8  o.85  0o.  go
1.20  .0  5  0.95  o  0.95  0.95  1.00
Exp.  o  0.675  - 0.660  0.660  0.675  |  0.685  0.720  0.725
7.45  6.85  7.35  7.60  7.85  7.60  7.70
Well-fed  o.75  o.go  .o05  5.o5  . I0Io  I30  135
1.35  - 1.40  1.25  I1351  1.30  1.55  1.40
Series II.
Exp. 14  0.6007.35  0.595  0.605  0.615  0.615 .615  0.620 7  0.64545
7.35  7.45  7.70  7.75  7.8  7.90  8.45
Not fed  0.75  0.90  5.05  .0,  I.o0  1 3
° 0  1-35
.35  .40  5.25  1.3  1.35  .40
Exp.  22  0.660  0.685  0.710  0.700  350.710  0.715  1
6.95  7.20  7.1  6.90  7.20  7.20.  7.10
Notfed  o.4o  050  0.70  0.70  .9  o.go  .
o.go  o.gs 0..0'7  /  o.  .9oS  7.2  . o
Exp.28A  0.235  0.235  0.240  0.290  0.330  0.340  0.345
5.80  4.65  4.55  4.35  4.45  44.  4.55
Not  fed  040  0.55  0.45  o.6  0o.85  .o05  135
.35  155  1.25  . 120  .25  1.0I  1.35
Exp.  19  0.670  0.710  0.720  0.725  0.735  0.755  0.790
5.95-  6.00  5.75  5.75  6.00  6.30  7.50
Well-fed  not done
experiments  (Nos.  I4,  22,  28A)  were conducted  in a manner simi-
lar in all details to Series I except that the animals were fasted  for a
few days previous  to use.  The livers were free  from glycogen  with
the exception of that used  in Experiment  28A.
'The upper  left-hand  figures  represent  degrees  of  depression  of the  freezing-
point;  the  upper-right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic
centimeters of N/Io  acid; the lower  left-hand figures,  acidity  to phenolphthalein
in  terms  of  cubic  centimeters  of N/o acid;  lower  right-hand  figures,  alkalinity
to  dimethylaminoazobenzene  in  terms  of cubic  centimeters  of N/Io  alkali.
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In  the  protocol  (Table  I)  the  results  for  the  depression  of  the
freezing-point  show  that  in  two  experiments  a  latent  period  of
two  hours  existed  while  in  the  third  (Experiment  22)  autolysis
began  immediately.  The  figures  for  non-coagulable  nitrogen  ill
Experiments  22 and  28A, however,  point  strongly to  an  inhibition
of autolysis  which  lasted  for  five  hours.  In Experiment  28A  the
animal  had  not  received  food  for  three  days  previously;  the  liver
contained  glycogen  which,  however,  gradually  disappeared  until  no
evidence of it  could be obtained  at the  fourth  hour,  at which  time
it will be  noticed that  the marked  depression  of  the  freezing-point
stopped.  The  non-coagulable  nitrogen  of  the  successive  samples
showed  a  marked  diminution  over  the control  with no  evidence  of
an increase-rather  a decrease-to  the end of the experiment.  This
peculiar  relation of  glycogen  disappearance  to  changes  in  the  de-
pression  of  the  freezing-point  and non-coagulable  nitrogen  will  be
taken up later in the paper.  Finally one experiment  (No.  I9)  with a
well-fed  animal  similar  to  those  of  Series  I  gave no  latent  period
as  indicated  by  the  depression  of  the  freezing-point  but the  non-
coagulable  nitrogen figures  showed  an  inhibition  of  autolysis  last-
ing until  the  fourth  hour.  In  all  of  the  experiments  in  Series  II
the  acidity  figures  with  phenolphthalein  showed  a  consistent  in-
crease  from  the  very  beginning  of  the experiment,  while  the alka-
linity to  dimethylaminoazobenzene  remained  constant  to the end.
Although  Series  I  with  well-fed  animals  resulted  as  expected
according  to  Schryver,  Series  II  with  three  fasting  animals  and
.one well-fed  animal  was  unsatisfactory.
Turning  about  to  find  a  cause  for  these  varying  results  and  at
the  same  time  attempting  to  obtain  some  condition  which  might
influence  the latency of  the autolysis,  it seemed  plausible  to try the
effect  of  two  factors:  first,  the  absence  of  blood;  and  second  the
use of warm  (38o C.)  saline at the  outset of the experiment.
Effect of Blood.-The elucidation  of the question  as to the effect
of blood  upon  the latent  period  would  bear  directly  upon the  criti-
cism  of  Schryver by  Wiener  mentioned  above,  as well  as  serve to
accentuate  the  fact  of  the  well-known  inhibitory  effect  of  blood
upon  the  rapidity  of autolysis  noticed  so  frequently6 although  its
6 Schryver  (p.  ISo),  in  one  experiment,  found  no  difference  in  the  rate  of
autolysis  between  the  perfused  organ  and  one  containing  blood.
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cause  is  so  poorly understood  ( I).  The washing  of  the  alkaline
blood  from  the  liver  would  tend  certainly  to  remove  a  certain
amount of  bases  from  the organ  together  with  other  salts  lost  by
diffusion  during  irrigation  with  the  salt  solution.  Consequently
two experiments  (Series  III)  were  conducted  in  which  the  livers
were  thoroughly  irrigated  through  the portal  vein with  cold  saline
solution  and diluted  with cold  saline  solution;  one  animal was  fast-
ing  (No.  20)  and the  other well-fed  (No.  I7).  From  the  figures
(Table  II)  for  the  depression  of  the  freezing-point  no  latency  of
autolysis  occurred  and the increase  is pronounced  to  the end  of the
experiment.  The same  is true  for the non-coagulable  nitrogen  ex-
cept that a  slight indication  of possible  latency  showed  itself  in the
well-fed  animal.  The  acidity  to phenolphthalein  increased  and the
alkalinity  to dimethylaminoazobenzene  remained  constant  as usual.
These  two  preliminary  experiments  seemed  sufficient  to  make
it evident  that the  presence  of  blood  formed  one  of  the  inhibitory
factors  in the latency.  This  fact  is of course  not new  except  as it
applies  to  the  latent  period  and  was  to  be  expected  since,  as  was
stated  above,  the  inhibitory  effect  of  alkalies  upon  autolysis  and
their supposed  action in prohibiting autolysis  in vivo might  be  con-
sidered  as  persisting  some  time  after  removal  of  the  organ  after
death.
Effect  of Temperature of Salt Diluent.-The next  series  (IV)
was planned  to determine  the  effect  of keeping  the  organ  at  body
temperature  during  removal  and  subsequent  autolysis.  The  wash-
ing was therefore  accomplished  with arm saline  and warm saline
added as  diluent.  The only time  during which a  lowering  of tem-
perature  could  occur  was  during the  period  of  hashing.  This,  of
course,  represented  only  a  few  minutes  and  could  cause  at  most  a
temperature  depression  of  a  few  degrees.  Some  of  the  hashed
material  was  tested  and  gave  34.5° C.  The  warm  saline  quickly
brought  this up  to  370  C.  Seven  experiments  were  carried  on  in
this way  (Experiment 9,  II,  15,  I8, 29E,  26A,  26C).  Of  these  the
first  four  were  well-fed  and  the  last  three  fasting  animals.  Of
the  well-fed  animals  two  (9,  8)  showed  (Table  II)  a  marked
autolysis  at  the  outset  as  indicated  by  the  figures  for  the  depres-
sion  of  the  freezing-point  and  nitrogen.  On  the  other  hand  in
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TABLE  II.'
Series  III.
Liver Washed;  Control.  x Hour.
Cold Saline.
Exp. 20  0.555  0.570
5.40  5.90
Not fed  0o.35  0.40
0.70  o.65
Exp.  17  0.565  0.585
5.05  8  4.95






























5 Hours.  6  Hours.
0.610  0.625
6.40  6.60
0.95  1 1.O5
0  o.8o  0o.9o
0.650  1  0.710
5.80  6.30
1.00  I. 10
1.x51  1.05
Liver Washed
and Diluted  Control.  x  Hour.  2 Hours.  3 Hours.  4 Hours.  5 Hours.  6 Hours.
with Warm,
Saline.
Exp.  9  0.575  0.595  0.605  0.620  0.635  0.665  0.670
5.70  6.35  7.05  7.35  8.65  9.65  10.50
Well-fed  0.50  0.85  1.15  1.15  1.25  1 35  1.6o
1.15  1.20  1.40  1.50  o  .50  1.50  3.95
Exp.  i1  0.555  0.540  0.585  0.590  0.590  0.615  0.640
5.40  5.35  5.50  5.70  6.15  6.30  6.80
Well-fed  0o.50  0.65  o,So  o.8o  0.90  *  I.00  1.10
.10  1.25  I.05  0.95/ I.00  1.25  1.35
Exp.  15  0.615  0.605  0.615  0.635  0.640  0.645  0.670
6.30  6.  6.35  6.20  6.357.20  8.25
Well.fed  0.40  -o.55  o.6o  o.75  0.90  go  .oo  I.10
3.00  1  .00  o.95  0.95  1.oo  1.25  1.35
Exp.  18  0.660  0.675  0.705  0.710  0.725  0.735  0.740
5.30  5.85  5.90  6  .30  6  .80  7.25
Well-fed  0.40  o.6o  o.65  0.70  07.85  0o.go90  ,O5
o.6o  0 t 5  0.75  0  o0.75o  o  o.6S  e75
Exp.  29E  0.325  0.345  0.365  0.385  0.395  0.415  0.435
4.50  --  5.70  _  6.45  _  7.45
Not fed  0.45  o.65  o.8o  0.95  3.10  .x20  1.40
o  .75  o.8o  o.8o  070  °0.75  0  o75  0.70
Exp.  26A  0.560  0.565  0.575  - 0.585  0.600  0.625
4.75  5.10  5.55  6.00  6.50  7.15  7.65
Not fed  0.35  o.5o  0.75  o.8o  o.85  0.90  3.00
Dark  o.6o  0.70  0.  65  o.6o  0.-70  0.75  o.8o
Exp.  26C  0.555  0.565  0.570  0.585  0.610  0.620  0.625
4.90  4.95  5.25  6.30  6.75  7.00  7.45
Not  fed  0.20  0.35  0.55  0-75  0.90  095  1.05
o0.50  0.75  o.85  o.8o  0.75  o.8o  .85
7 The upper  left-hand  figures  represent  degrees  of  depression  of  the  freezing-
point;  the  upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic
centimeters  of N/Io acid;  the  lower  left-hand  figures,  acidity  to phenolphthalein
in terms of cubic  centimeters  of N/Io  acid;  lower left-hand  figures,  alkalinity  to
dimethylaminoazobenzene  in  terms  of  cubic  centimeters  of  N/io alkali.
- ------------ · ·---------Rate of  Aseptic Post-mortem Autolysis.
Experiments  II  and  15  a  well-marked  latent  period  was  present
although  it persisted  for  only one  hour.  Only  traces  of glycogen
were  present  in the  liver  of  Experiment  and  it  was  absent  in
Experiment  15.  The  fasting  animals  whose  livers  were  irrigated
and  diluted  with  warm  saline  gave  figures  both  for  depression  of
the freezing point and nitrogen indicating  no latency and an autoly-
sis which was  the most marked of  all the experiments  of this type.
A  fifth  series  of  four  experiments  (2 5A,  25C,  3IC  and  36A)
were  conducted  with unwashed  livers  of  well-fed  animals  employ-




Liver,  Well-  Control.  x Hour.  2 Hours.  3 Hours.  4 Hours.  5  Hours.  6 Hours.
fed, Warm
Saline.
0.730  0.745  0.775  0.790  0.810  - 0.840
Exp. 25A  5.10  5.40  5.60  5.70  5.80  - 6.30
0.30  0.50  0.60  0.65  0-75  --  0.95
Dark  o.65  0.55  o.65  6.8  0.90  - 1.20
0.725  0.755  0.780  0.795  0.810  0.825  0.835
Exp.  25 C 4.65  4.90  4.95  5.10  5.20  5.65  5.85
0.40  --  0.55  0.65  0.70  0.85  o0.95
0o.50  o.60  0.70  0.85  0.9
° 1.o5  .x10
0.530  0.590  0.605  0.625  0.645  0.660  -
Exp. 31C  6.10  6.20  6.25  6.35  6.70  7.0  -
o.  50o  o.60  o.70  o0.75  0.85  o.85  o.95
o.70  0.80  o.80  o.65  o. 8o  o.6o  1.35
0.720  0.715  0.735  0.755  0.775  0.785  0.800
Exp.  36A  6.05  5.60  5.50  5.90  6.15  6.65  7.15
0.40  0.70  0.75  o.8o  0.85  0.85  0.85
x.50  1.3o  1.x5  1.25  1.20  I.i  1.20
autolysis  both  in  the  figures  for  depression  of  the  freezing-point
as well as for non-coagulable  nitrogen;  one  (36A)  did not autolyse
during the  first  three  hours  according  to the nitrogen  figures,  the
depression  of  the  freezing-point  only  indicating  an  inhibition  for
'The  upper  left-hand  figures  represent  degrees  of  depression  of  the  freezing-
point;  the  upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic
centimeters  of  N/Io acid;  the lower  left-hand  figures,  acidity  to  phenolphthalein
in terms of cubic  centimeters  of N/ho acid;  lower  right-hand  figures,  alkalinity  to
dimethylaminoazobenzene  in  terms  of  cubic  centimeters  of N/Io  alkali.
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the  first hour only.  It is questionable  whether  an  autolytic  latency
existed  here.
The following  classification  of experiments  in the five  series  will
indicate  the  results  at  a glance.
Latent  Period.
Conditions of Experiments.  Positive.  Negative.
Unwashed,  well-fed,  cold  saline .........  4  o  Series  I
Unwashed,  fasted,  cold  saline ............  2  o  Series  II
Unwashed,  well-fed,  cold  saline .........  ?  I  Series  II
Washed,  fed,  cold  saline ................  o  I  Series  III
Washed,  fasted  ........................  I  Series  III
Washed,  fed,  warm  saline ...............  I  3  Series  IV
Washed,  fasted,  warm  saline ............  o  3  Series  IV
Unwashed,  fed,  warm  saline .............  ?  3  Series  V
7+2?  12
Positive Latent Period.
Fed  ...............  5+2?  Fasting  ............  2
Cold  saline  ........ 6+?  Warm  saline  ......  1+1?
Unwashed  .........  6+2?  Washed  ...........  I
From  the tabulation  it will  be  seen  that out  of  twenty-one  ex-
periments nine showed  a latent period; in two of these, however,  the
latency lasted  only  one hour so that  these  have been  given  a  ques-
tion  mark.  Of  the nine  positive  experiments  seven  occurred  with
well-fed  animals  and  only  two  in  fasting  ones.  These  results  are
somewhat  in  agreement  with  Schryver.  Again  seven  of  the  posi-
tive  latent  periods  occurred  in  experiments  where  cold  saline  was
employed  as diluent.  Schryver employed  small amounts  (4 grams)
of material  for  his experiments.  This  would  cause  a rapid  lower-
ing of  temperature  with  consequent  inhibition.  Whether  this  au-
thor  used  a  cold  or  warm  diluent  is  not  stated,  and  the  organs
were  not  washed.
Perhaps  some  importance  may  be  attached  to the  fact  that  five
of the  nine  positive  results  occurred  as  the  first  five  experiments
performed  when  the  time  between  the  removal  of  the  organ  and
commencement  of  the  autolysis  was  somewhat  longer  than  in  the
latter  experiments  when  our  general  technique  had  improved.  In
this  connection  it is  proper  to  state  that  of  twenty-five  other and
similar  experiments  reported  below  only  four  showed  a  latent
period before  autolysis and  of these,  cold diluents were employed  in
three  cases.
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In view of these  facts and  of the  fact that of thirteen latent  per-
iods,  nine .were  in  experiments  where  cold  diluents  were  used,  it
is evident that the low temperature  of the mixture acts as an inhibi-
tory  factor  in  causing  a latent  period of  autolysis  until  the mater-
ial  becomes  warmed  throughout  to  body  heat.  The  presence  of
blood  in  the unwashed  organ  adds  an  additional  factor  to the  in-
hibiting  forces.
Upon the whole, therefore,  it seems that the latent  period is most
prone  to appear  in  unwashed  livers  where  cold  diluent  is  employed
and  in  those  cases  in  which  the  animal  was  previously  well  fed.
It  seems,  however,  that  in  the  light  of  all  the  experiments  here-
in presented,  it becomes  questionable  whether the feeding of the an-
imal and  the  consequent  condition  of the  liver possesses  any  direct
influence  on  the  latency  of  autolysis.3  In  this it  is  impossible  to
agree with Schryver nor does the latter's  reasoning  in regard to the
liberation  of  enzymes  in  the  fasting  condition  seem  plausible.
There  does not exist at  present,  any evidence  which  points to any
qualitative  difference  in the  enzymic  condition  between  the  metab-
olism  of  well-fed  and  fasting  animals.  The  statement  that  in
fasting,  autolytic  processes  by  causing  decomposition  supply  the
needs  of  the body  by  the  utilization  of  the degenerative  products
simply  amounts  to  placing  a  well  established  fact  in  new  terms,
since  it  is  very  difficult  to  draw  a  sharp  line  between  the  normal
analytic processes by which energy  is liberated  and those of autoly-
sis associated  with the  death of the  cell.  It would appear  that the
question  was  more  one  of  a  disturbed  quantitative  equilibrium
of the  cell  than of  any qualitative  enzymic  differences.
EFFECT  OF  CONDITIONS  UPON  THE  RATE  OF  AUTOLYSIS.
The previous  discussion  has  had  to  do with  autolysis within  the
first  three or  four hours  after the  removal  of  the  organ  from  its
circulation.  The fact that the  results indicated  that the latent  per-
iod was  relatively  inconstant  and  dependent  upon  a variety  of  fac-
tors  led  to  the  attempt  to  study  first,  the  rate  of  autolysis  within
the  first twelve  hours and  second,  the effect upon  it of altering cer-
'As  explained  later  in  the  paper,  the  nutritional  state  of  the  cell  may  indi-
rectly  cause  autolytic  variations.
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tain  conditions  in  the  experiment  in  the  hope  that  the  onset  of
changes  favoring  autolysis  might  be  inhibited.  This  consisted
mainly  in  endeavoring  to  continue  the  alkalinity  of  the  cell  by
means  of  alkaline  phosphates.
Nutritional State of  the Cell.-One of the  most  important  fac-
tors  to  be  considered  in  the  elucidation  of  the  origin  and  rate of
autolysis  consists  in  the  determination  of  the  level  of  equilibrium
upon  which  the  cell  exists at  the  time  of  stoppage  of the  circula-
tion.  We  look  to the  diet of the  animal as  one of  the most ready
means of normally altering this condition and yet it becomes  one of
the  most  difficult  to  control,  since  no  two  animals  react  similarly
to  diet  or to  fasting.
The fat  content  of the  livers of  normal animals  under the  same
diet  varies  as  greatly  as  does  the  power  of  individuals  to  lay  on
subcutaneous  fat.
The  appearance  or absence  of  glycogen  serves  perhaps  as  best
evidence  concerning  the condition  of  the  cell  from the  standpoint
of  nutrition  and  it  is  most  usual  to  conclude  that  the  tissues  are
actually  in  a state  of  undernutrition  when  the  liver  is  free  from
glycogen.  Well-fed  animals  usually  possess  organs  containing
more or less glycogen,  but even here exceptions  exist and  frequently
animals  after  a  long period  of  excessive  carbohydrate  diet do not
show  glycogen  in  their  livers.
Concerning  variations  in  the  nitrogenous  content  of  the  liver,
it becomes  more  difficult  to  make  definite  statements.  Pearce  and
Jackson  (12)  showed  that  as  the  result  of  incipient  necrosis  or
starvation  from  lack of circulation  the  cells  involved  lay  on nitrog-
enous  compounds  in  the  same  way  as  they  do  fat.  This  was  in
agreement  with  the  results  of  Seitz  (I3)  obtained  under  normal
conditions.  Schryver states that the liver of a fasting dog contains
more  non-coagulable  nitrogen  than  that of  a well-fed  animal.  In
the  experiments  here  reported  a  great  variation  in  the amount  of
initial  non-coagulable  nitrogen  exists.  The  average  figure  for
twenty  experiments  upon  fasting  animals compares  within one  per
cent.  of  that  for  eighteen  well-fed  animals.  Selecting  two  cases
(Experiments 25  and 26)  in each of which there are three controls,
it is-evident  that no difference  exists.  It is not  possible,  therefore,
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to  confirm  Schryver's  statement  in  regard  to  differences  in
nitrogen.
From a consideration  of the initial  figures  for the  depression  of
the freezing-point  in twenty-nine  experiments  in which  physiologi-
cal  saline  was  employed  as  diluent  it  is  evident  that  the  fasting
liver  possessed  the  lowest  concentration.  Eleven  washed  organs
of which  six were fasting and  five well-fed  and  eighteen  unwashed
organs,  seven  fasting and eleven  well-fed gave  averages  as  follows:
Washed,  fasting 0.475° (310-56o 0 )  Unwashed,  fasting  o.609og  (575-660°)
Washed,  well-fed  o.5940  (555-660 °)  Unwashed,  well-fed  0.6640  (515-735°)
These  figures  seem  sufficiently  definite  to  indicate  that as  far  as
ionic concentration  is concerned  the  fasting animals" ° livers  showed
the  lowest  figures  whether  washed  or  unwashed.  The  maximum
and  minimum  effects  are  indicated  in  Experiments  25  and  26.
Experiment  25  was  an  unwashed  well-fed  liver  and  gave,  A=
0.730  (average  three  controls)  while  Experiment  26 with  washed
and  fasting  organs,  =0O.555  (average  three  controls).  In  all
instances the washing  of the  organ  decreased  the ionic  strength  of
the tissue;  this procedure  seemed  to have little  effect however  upon
the  initial  acidity  or  alkalinity.  From  the  fact  that  perfusion  of
an organ  causes  a  decreased  ionic  concentration  which  is  not  par-
alleled by changes  in reaction, it seems probable that the ionized sub-
stances  in  the  cell  which  impart  its  so-called  alkaline  reaction  are
of  such  a  character  (ionized  protein)  that  interchange  or  osmosis
through  the  endothelium  does  not  readily  take  place.
There  are  no data  obtainable  from  the  results  presented  in  this
paper which  can be of  service in explaining  the effect  of  these var-
iable  nutritional  conditions  of  the  cell  upon  the  latent  period  and
rate  of  autolysis.  The  cursory  outline  above  serves  merely  to
bring  to  mind  possible  variations  in  cell  equilibrium  as  regards
the carbohydrates,  fats, proteins,  osmotic  concentration,  etc.  This
phase  of the  subject  will  receive  further  consideration  in  the  final
discussion  as  to  the  cause  of  and  variations  in  the  changes  in  the
reaction of the cell occurring  at its death.
Light.-The  first  external  change  in  condition  which  usually
°Animals  were  given  water  ad libitum.
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occurs  in  tissues  undergoing  incipient  autolysis  in vitro and  which
is not  in  accordance  with  autolysis  in vivo  consists  in  the placing
of  the  material  in  the  light.  Two  experiments  (25  and  26)-
one  a  well-fed  and  the  other  a  fasting animal-were  consequentl)
performed  in  which  the  liver  was  removed  in  the  dark  and  twb




the Dark;  Control.  t Hour.  2 Hours.  3 Hours.  4 Hours.  5 Hours.  6 Hours.
Cold Saline
(Control).
Exp.  25B  0.735  0.755  0.765  0.780  0.810  0.820  0.835
4.80  5.50  5.65  5.85  5.95  6.00  6.10
Not-washed;  0.40  0.50  0.65  o. 6o  o.65  0.70  o.75
well-fed  o.  65  0o70  o.85  o.80  0.85  o.8o  o0.85
Exp.  26B  0.550  0.550  0.560  0.575  0.590  0.615  0.630
5.20  5.35  5.85  6.10  6.60  7.15  8.00
Washed;  not  o.35  0.3O  o50  o.6O  O.70  o.95  I.00
fed  0.55  o.65  0.80  o.  0-  o.65  0.85  1.05
Washed;  Control.  2  Hours.  4 Hours.  6 Hours.  8 Hours.  lo Hours.
Not-fed.
Exp.  29E  0.325  0.365  0.395  0.435  0.485  0.565
4.50  5.70  5.75  7.45  10.10  15.50
Warm  saline  0.45  o.8o  I.O  1.40  2.50  2.95
0.75  o.8o  0.75  o.  .95  195
Exp.  29F  0.310  0.330  --  0.385  0.390  0.395
4.80  5.90  _  6.45  7.40  8.00
Warm saline  0.45  0.85  o.80  o.85  0.90  1.o5
and toluol  o070  o.85  o.85  o.90  0.85  o.9°
Unwashed;  Control.  X Hour.  3 Hours.  5 Hours.  7 Hours.  12 Hours.
Well-fed.
Exp.  3IC  0.530  0.590  0.625  0.660  - 1.020
6.10  6.20  6.35  7.00  7.60  10.70
Warm  saline  0.50  o.6o  0.75  0.85  0.90  1-45
0.70  0o.8  0.65  o.6o  0  o.80o  0.95
Exp.  31B  0.515  0.530  0.600  0.620  0.635  0.690
Warm  saline  5.35  5.80  6.25  6.70  7.00  8.50
and  chlor-  0.50  o.60  0.70  - 0.95  1.95
oform  o.9o  o.85  o.8o  - 135  3.35
" Experiments  25A  and  26A  differed  from 25B  and  26B  in that  in  the former
a  warm  diluent  was  employed.  Experiments  26A  and  26C  appear  as  the  last
two  upon  Table  II;  Experiments  25A  and  25C,  as  the  first  two  in  Table  III.
"' The upper left-hand  figures  represent  degrees of  depression  of the freezing-
point;  the  upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic
centimeters  of  N/Io acid;  the lower  left-hand  figures,  acidity  to phenolbhthalein
in terms of cubic centimeters  of N/Io  acid; lower right-hand  figures,  alkalinity  to
dimethylaminoazobenzene  in  terms  of  cubic  centimeters  of N/Io  alkali.
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absence  of  light.  The  third  sample  (25C  and  26C)  as  control,
underwent  autolysis  as  usual.  These  experiments  continued  for
seven  and  one-half  hours.  The  results  (Table  IV)  indicate  that
the presence  of ordinary  light  exerts no appreciable  influence  upon
autolysis.  The increase  of the depression of  the freezing-point,  in-
crease  of  non-coagulable  nitrogen  and  change  in  reaction  ran
parallel  in  both  experiments.  The  differences  which  one  experi-
ment  showed  as against  the  other  as  the  result  of  the  feeding  of
the  animal,  will  be  considered  later.
Antiseptics.-Autolytic  experiments  as  usually  conducted  in
order  to  insure complete  asepsis  entail the  employment  of antisep-
tics  such  as  toluol,  chloroform,  etc.  The  results  of  Lang  (I4),
while  not  very  complete,  indicate  that  germicidal  agents  are  not
without effect upon the activity of the enzymes  in autolysis.  Wells
and  Benson  (7)  however  incline  to  the  view  that  with  certain
precautions,  chloroform  may be  employed  without inhibitory  effect.
It is evident that where  comparative results are to be obtained,  this
variable  factor should be eliminated.  In this work antiseptics were
not  employed  except  in  Experiments  29  and  3.  In  the  former
toluol was  utilized  and  in  the  latter, chloroform.  A glance at the
figures  in  the  tables  will  be  sufficient  to  indicate  the  inhibitory
action  of  the  antiseptic,  apparently  more  potent  in  the  case  of
toluol  than of  chloroform.  This  is evident both  in the figures  for
the  depression  of  the  freezing-point  and  for  the  non-coagulable
nitrogen.  Experiment  29  ran  for  ten  hours  during  which  time
the depression  of the  freezing-point  increased  in the mixture  with-
out  toluol from  0.3250  to 0.5650;  while in the  toluolized  autolysis
it  increased  from  0.310 ° to  0.3850 °. In  Experiment  31  the simi-
lar  figures  for  twelve  hours  duration  are  with chloroform  o.5150
to  o.69o0°;  without  chloroform  0.5300  to  I.020.  The  nitrogen
increase  paralleled  them  closely.
Reaction.-It has  been  quite  definitely  decided  as  the  result  of
the work  of  many  investigators  (5)  that  acids  accelerate  and  al-
kalies  inhibit the  rate of autolysis.  In the majority  of the  experi-
ments  conducted  by  these  workers  a  concentration  of  H+  or  OH-
ions has been  employed which  is  out of  all accord  with  that possi-
ble  in  the  cell  of  the  animal  body.  The  blood  and  protoplasm
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are from the standpoint of physical  chemistry  considered  as neutral
(4); very slight variations  from  this condition may cause  profound
alterations  in the general  metabolic processes.  It seemed, therefore,
of  more  value  from  a  comparative  standpoint  to  attempt  to  vary
the  so-called  acidity  and  alkalinity  relations  of  the  cells  in  ways
which  more  closely  simulate  the  normal.
The  immense importance  which  the phosphates  play  as  regulat-
ing mediums  for reaction  in  the  body  has been  of  late  repeatedly
emphasized.  Mixtures  of  the  monohydrogen  and  dihydrogen
salts  may  be  appropriately  made  so  that  the  resultant  solution  is
either  neutral,  alkaline  or  acid.l2 Hence  disodium  monohydrogen
phosphate  was  employed  as  diluent  in  the  hope  of  increasing  the
" alkalinity"  of the tissue  while the dihydrogen  monosodium phos-
phate promised  to augment the  "  acidity."  A  further  method  em-
ployed  for the latter purpose  consisted  in the addition  of pure neu-
tral ethyl butyrate to the autolytic mixture.  As  autolysis proceeded
the lipolysis of the butyrate set  free butyric acid,  thereby increasing
the acidity  markedly.  This  reaction may  also  be supposed  to take
place in the living cell but ordinarily  sufficient bases are at hand for
neutralization.  In  autolysis  (lipolytic),  should  the  bases  be  lack-
ing, the H + concentration would be increased.
An examination  of  the  figures  obtained  for the  control  samples
as  indicative  of  the  character  of  the  initial  state  of  reaction  of
the  tissue  indicates  that  either  the  method  of  titration  with  the
two  indicators  is  too  crude  to  show  slight  variations  which  might
occur  in  the  living  tissue,  or  the  factors  which  influence  the  reac-
tion  of the  tissue  and  which  would  aid  in  explaining  the  results,
are  unknown.  Certain  differences  in  the  figures  for  the  controls
under  the  various  conditions  did  appear  but  no  one  condition
which  has  been  discussed  here  is  apparently  accountable  for  the
changes.
In Experiments  23,  28B,  30A,  32C,  33B  and  36  (Table V)  at-
tempts were next made  to increase  the alkalinity of the  reaction  of
the mixture  in which  autolysis  was to occur by means of  disodium
hydrogen  phosphate  in  five per cent.  solution  and  Experiment 28C
UIn  relation  to  phenolphthalein.  Henderson  (4)  has  shown  that  in  solu-
tions  of these  two  salts  great  variations  in  their  relative  proportions  may exist
without  changing  the H  concentration  to  any  great degree.
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TABLE  V.s
5 Per Cent. NaHPO,.
Exp.  23
Washed;  well-fed;  cold
diluent
Exp.  28B




















Unwashed;  not  fed;
warm
alkaline Locke's  solution
Exp.  3 2B
Unwashed;  not  fed;

















































































by  alkaline  Locke's  solution.' 4 It  is  interesting  to  note  that while
the  disodium  phosphate  solution  was  alkaline to  phenolphthalein
(0.8 c.c.  N/Io acid for  IO c.c. of solution)  and alkaline  to dimethyl-
aminoazobenzene  (Io.65  c.c.  N/Io  acid  for  Io  c.c.  of  solution)
when the autolytic mixture  of this solution and tissue was analyzed,
the  mixture  possessed  the  acidity  to  phenolphthalein  ordinarily
"The  upper  left-hand  figures  represent  degrees  of  depression  of the  freezing-
point;  the  upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic
centimeters  of N/Io  acid; the  lower  left-hand  figures,  acidity  to phenolphthalein
in  terms of cubic centimeters  of N/Io  acid;  lower  right-hand  figures,  alkalinity to
dimethylaminoazobenzene  in  terms  of  cubic  centimeters  of  N/ho  alkali.
Locke's  solution  to  which  was  added  sufficient  sodium  bicarbonate  to  bring
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found  when  sodium  chloride  is  employed  as  diluent.  Unfortu-
nately, it is impossible to say from the methods  employed just what
physical  changes  occurred  when  the  tissue  and  phosphate  solution
were  mixed.  From  the  chemical  standpoint  of reaction  the tissue
transformed  the alkaline  solution  (phenolphthalein)  to  one  which
reacted  acid.  The  explanation  for  this  probably  lies  in  the  rear-
rangement  of  phosphates  in  the  solution  by  which  the  large  ex-
cess  of disodium  hydrogen  phosphate  reacted  with  acid  factors  in
the  tissues  and  became  transformed  into  sufficient  dihydrogen
sodium  phosphate  to cause  the  autolytic mixture to assume  its nor-
mal  reaction.  This  forms  simply  another  manifestation  of  the
regulating mechanism  described  by Henderson  (4).  All  attempts,
therefore,  to increase in this manner the alkalinity (phenolphthalein)
were  negative  and  the  results  of  these  experiments  do  not differ
from those reported  with saline as diluent.
One  experiment  performed  with  Locke's  solution  made  alkaline
with  0.5  per cent.  sodium bicarbonate' 5 (28C)  ran seven  and one-
half hours.  In this instance  also the resultant  mixture of liver and
bicarbonate  solution became acid to phenolphthalein  and alkaline  to
dimethylaminoazobenzene.  In  fact  the respective  acidity  and alka-
linity  were  greater  in  each  case  than  with  sodium  chloride.  Un-
doubtedly  a  reaction  occurred  between  the  phosphates  of  the  cell
and  the sodium  bicarbonate,  carbon  dioxide being  liberated,  and in
this  way  increasing  the  acidity  to  phenolphthalein.
The increase  in  depression  of the freezing-point'  was about  that
observed  in other experiments,  where a similar reaction was present;
no inhibition or latent period could  be noticed.  An  examination  of
the figures  for non-coagulable  nitrogen  indicates,  however,  that  no
nitrogenous  autolysis occurred,  the figures for the end of the experi-
ment  being the  same  as  the  control  or  even  somewhat  lower.  In
this case  no increase  in acidity  (phenolphthalein)  took place  such as
ordinarily occurs with sodium chloride  solution  as diluent.
One  experiment  employing  tri-sodium  phosphate  as  diluent  did
not  result  favorably  since  the  autolytic  mixture  became  extremely
" Of  this  solution,  o  c.c.  required  o.15  c.c. N/Io acid  to neutralize  to phenol-
phthalein  and  1.55  c.c.  to  dimethylaminoazobenzene.
"Whether  this  is  indicative  of  autolysis  is  questionable;  c. f.,  the  later  dis-
cussion  on  this  point.
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thick and ropy.  Upon heating no coagulation  occurred; the mixture
required  the addition  of  such  a  large  amount of  acid  before com-
plete  coagulation  occurred  that  attempts  to  perform  nitrogen  and
acidity determinations  were abandoned.  Unfortunately  the diluent
solution was employed  cold so that it is impossible to decide whether
the extremely  long "latent"  period  as  evidenced  in  the  depression
of the  freezing-point  was to be ascribed  to this or to  the phosphate
solution.  It would  seem more probable  that the lack of increase  in
molecular  concentration  found  in  this  autolysis  was  due  to  the
phosphate  solution  on  account  of  its  alkalinity  (phenolphthalein)
and  this  fact  agrees  with  observations  of  previous  investigators
that alkalies inhibit autolysis.  An alkalinity equivalent to this never
occurs  in  the  body.
In  one  experiment  (29D)  where  dihydrogen  sodium  phosphate
served as diluent,  the autolytic mixture was  strongly acid to phenol-
phthalein.  This experiment  should be  compared  with  Experiment
TABLE  VI.?
Exp.  29D
Washed;  not  fed;  5
per cent. HNaPO 4
Exp.  33C
Unwashed;  not fed; 
c.c.  ethyl  butyrate
with  saline  diluent
Exp.  36C
Unwashed; fed;  x c.c.
ethyl  butyrate  with
saline solution
Exp.  27E
Unwashed;  not  fed;




warm  Locke's  solu-
tion
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Control.  1 2  Hour.  1  4  ours.





































































































'The  upper  left-hand  figures  represent  degrees  of  depression of  the  freezing-
point;  the upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic
centimeters  of N/Io  acid;  the  lower  left-hand  figures,  acidity  to phenolphthalein
in  terms  of  cubic  centimeters  of N/Io  acid;  lower  right-hand  figures,  alkalinity
to  dimethylaminoazobenzene  in  terms  of  cubic  centimeters  of  N/Io  alkali.
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29E  (Table II, Series IV)  and the control with saline.  No notice-
able  variation  in  rate  of  autolysis  can  be  detected.
In Experiments  33 and 36 in which pure ethyl butyrate was added
to the  autolytic mixture a most marked increase  in acidity  (phenol-
phthalein)  was  observed  together  with  the  greatest  augmentation
of non-coagulable nitrogen  and the depression  of the freezing-point
obtained  in  any  of  the  experiments.  These  two  experiments  ran
for twelve  hours  and  were absolutely  sterile throughout.  The  de-
pression  of  the  freezing-point  increased  in  Experiment  36  from
o.8Io0  to  I.5I5  and  in  Experiment  33  from  0.6850  to  1.285 °.
The  non-coagulable  nitrogen  rose  in  Experiment  36  from  5.8  to
28.15 and in Experiment  33  from 3.25 to 33.8515.  Considered from
every standpoint the autolysis was most strikingly accelerated  by the
formation  of the butyric  acid  during the progress  of the autolysis.
In general,  therefore,  attempts  to  alter the  rate  of  autolysis  by
means  of  acid  and  alkaline  phosphates  and  bicarbonates  resulted
negatively.  Some evidence  was  obtained  that  an alkaline  reaction
tends  to  inhibit  the  nitrogenous  autolysis;  this  was  especially  well
marked in Experiment 28C.  The production  of butyric  acid during
autolysis  set up a  marked  acceleration  in the rate  of the  decompo-
sition.
Salt Concentration.-It  seemed  plausible  that  one  of  the  condi-
tions which  favored  the onset of  autolysis might  consist in  the  de-
crease in  concentration  of the salts  (mainly calcium  and  potassium
compounds)  of the  tissue as  the result  of the dilution  with sodium
chloride  and  phosphates.  Such  a  condition  would,  of  course,  be
accentuated  in  a  perfused  organ  since  during  the  irrigation  the
calcium,  potassium,  and  other salts  would diffuse out  from the  cell
into the perfusing solution.
In order to  partially avoid  such diminished concentration,  in two
experiments  (27E  and 3IA)  Locke's'l solution  was  added  as dilu-
" In  Experiment  36  it  is  noticeable  that  the  acidity  did  not  increase  very
rapidly  during  the  first  four  hours  and  that  the  nitrogenous  autolysis  suffered
a  latent period.
' When  physiological  saline  is  employed  as  diluent,  the  osmotic  concentration
of the  tissues  is  supposed  to continue  the  same  as  when the blood  is circulating
through  the organ.  The percentage  concentration  of the salts  other than sodium
chloride  is nevertheless  markedly  diminished.  Locke's  solution  which  approaches
the blood  as  regards  its  content of  inorganic salts  was  utilized  for this reason.
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ent  and  the autolytic  rate  studied.  Although  the  results  show  an
increase  in  ionic  concentration,  the  figures  for  the  non-coagulable
nitrogen are plainly  indicative of  a lack  of autolysis  existing up  to
the fifth hour.  While one cannot draw too definite conclusions from
the results  of only two experiments,  it seems  reasonable  to  believe
that the retaining of the salt content of the tissue in approximately un-
changed  concentration,  acts  as  another  factor  tending  to inhibit or
at  least  to  retard  nitrogenous  autolysis.  It  is  also  probable  that
the Ca or K ions are in some way active  in this regard, and that the
difference in rate of autolysis noticed between washed  and unwashed
organs  can be  ascribed  to this cause  in part.
This  question  was  attacked  in  another  way.  The  tissues  were
aseptically  removed and allowed to autolyze  eh masse in the thermo-
stat and then  diluted  as  usual with  three  volumes  of physiological
saline.  Unfortunately no figures for non-coagulable  nitrogen were
obtained  in this series20.
The  depression  of the  freezing-point  for the tissue  itself and the
diluted  mixture  increased  at  about  the  same  rate  as  in  all  other
experiments.
DISCUSSION.
The  two  procedures  employed  for  the  determination  of  the  in-
ception and rate of autolysis have been utilized previously by several
investigators.  The  increase  in  non-coagulable  nitrogen  was  the
first test  applied  in this direction  since it was early  recognized  that
in  the  autolytic  hydrolysis  the  coagulable  nitrogen  of  the  protein
became  changed  into nitrogen  of substances  which  were of smaller
molecular  weight  and  could  not  be  rendered  insoluble  by  heat.
More  recently,  however,  the  attempt  to  control  this procedure  by
other  methods  has  resulted  in  the  determination  of  the  electrical
conductivity  and  of  the  molecular  or  ionic  concentrations  of  the
solutions  undergoing  autolysis.  If we  are  dealing  with  autolytic
mixtures of pure  protein, hydrolytic  changes  occurring  in  the  solu-
tion would  make  themselves  evident  by  all  three  methods,  but not
For this reason  the study of  this type  of experiment  is  to be  continued  more
particularly  with  reference  to  possible  differences  in  the  rate  of  autolysis  after
the  organ has  been  prepared  by perfusion  in situ with  solutions  of  various  types
of salts, and in this  way the attempt may be  made  to alter the conditions  existing
in  the cell  before  the  commencement  of  autolysis.
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simultaneously,  since in the initial stage  of the reaction  the proteins
would  become  transformed  into  proteoses  or  non-coagulable  nitro-
gen,  without  any  decided  augmentation  in  molecular  or  ionic  con-
centration  sufficient  to  effect  the  depression  of  the  freezing-point
or electrical  conductivity.  Toward  the end  of autolysis  the maxi-
mum  proteose-nitrogen  might  be  reached  while  progressive  hy-
drolysis  would  continue  to  break  down  the  molecules  still  further
with  consequent  increased  molecular  concentration  thereby  affect-
ing  the  depression  of  the  freezing-point.  The  electrical  conduc-
tivity  on the  other hand  could  only  be  increased  by the  formation
of  ionized  molecules.  From this it  is evident that even  in a simple
solution  of protein these  three  factors  might not run parallel.
In the cell,  however, the process becomes  still more complex.  Au-
tolysis of non-nitrogenous  substances  such as  glycogen,  the  lipoids,
neutral  fats  and  the  rearrangement  of  inorganic  salts  would  set
up  changes  in  molecular  and  ionic  concentration  which  would  not
be  indicated  by  a  study  of  variations  in  non-coagulable  nitrogen.
It is hard,  therefore,  to agree with the statement of Wells that  de-
terminations made of  these three  factors  (non-coagulable  nitrogen,
depression  of the  freezing-point  and  electrical  conductivity)  paral-
leled  one another.  That they  might do so must be  admitted;  that
the chances  are  very much  against their  doing so  is  most probable.
A  general  survey  of  the  results  obtained  in  this  investigation
presents much evidence in favor of the latter view.  In some experi-
ments  (5b,  IO, 22, 23, 27E and  28A and 28C)  conclusions  would be
reached  from the figures  obtained  from the non-coagulable  nitrogen
that no autolysis  had  occurred  up to the sixth or  eighth  hour.  In
fact in Experiments 28A  and 28C,  less non-coagulable nitrogen was
present  in  solution  at the  end of  seven  and  one-half  hours  than  in
the  control  at the  outset  of the  experiments.  One  could  naturally
assume  that  non-coagulable  nitrogen  had  become  synthetized  into
protein  nitrogen.  The  figures  for  the  depression  of  the  freezing-
point, however,  show  that the molecular  or ionic  concentration  was
increasing  gradually  up  to  the  end  of  the  experiments.  This  is
especially  well marked in Experiment  28C,  where  the depression  of
the freezing-point  increased  from 0.680° (control) to 0.8050  (seven
and  one-half  hours).  Evidently  non-nitrogenous  molecules  were
79Rate  of  Aseptic Post-mortem Autolysis.
undergoing  hydrolytic cleavage  with the  production of smaller  and
more  numerous  molecules.
We do not have  to  look  far  for  an explanation  of these results.
It has been mentioned  elsewhere that with apparently the  same con-
ditions  of  diet,  the  liver  of dogs  varies  markedly  in  the  content
of  fat and  of  glycogen  and  there  is  also  variation  in  the  rapidity
with  which  the  latter  disappears.  With  these  points  in  mind  a
study of  the notes  taken in various  experiments  plainly  brings  out
the  fact  that  in  those  cases  where  the  glycogen  disappeared  most
rapidly  as  deduced  by  the  decrease  in  opalescence  of  the  filtrate
after  heat  coagulation,  the  depression  of the  freezing-point  tended
to  increase  regardless  of  changes  in  non-coagulable  nitrogen.  In
the  absence  of  glycogen  the  depression  of  the  freezing-point  was
not affected  in this manner.  Evidently  the increased  depression  of
the  freezing-point  occurred  in greatest  part  at the  expense  of  the
hydrolysis  of glycogen,  the  latter  being  transformed  into  smaller
molecular compounds,  such as maltose,  lactic acid, etc.
Concerning  lipolytic  changes,  it  becomes  more  difficult  to  de-
termine  what part these processes  are  playing in the whole general
autolytic  change,  since  there  is  no  way of  visually  following  the
transformation  as is the  case  with  glycogen.  Increased  acidity  in
the  autolytic  mixture  may  be  the  result  of  the  hydrolysis  of  fats
or  equally  well  of  the  carbohydrates.  It is,  therefore,  of the  ut-
most difficulty to decide to what process  is due the  increased  acidity
as  determined  by  phenolphthalein.  From  the  fact  that  in  a  ma-
jority  of  the  experiments  there  occurred  a  gradual  increase  in
acidity  (phenolphthalein)  associated  with no simultaneous  changes
in  reaction  to  dimethylaminoazobenzene,  it  seems  reasonable  to
consider that  the  augmented  acidity  was  not  brought about  by  in-
crease  in  acid  phosphates  since  dimethylaminoazobenzene  would
react  to  such  change;  but  rather  to  a  formation  of  acids  of  the
fatty  acid type  to which  the latter indicator  is  not  sensitive.
In  this  connection  emphasis  must  be  laid  upon  the  results  of
the two experiments  in which  ethyl butyrate was added to the auto-
lytic  mixture.  The  pronounced  acceleration  of  autolysis  which
occurred  evidently  as  the  result  of  the  formation  of  butyric  acid
in  the  mixture  cannot  fail  to  have  but  one  significance.  Given
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a  cell  in  which  as  the  result  of  increased  lipolysis  from  some
reason  or  other  fatty  acids  are  being  produced  in  excess,  their
presence  will  markedly  stimulate  nitrogenous  autolysis.  The  fat
and  fatty acids content of supposedly  normal  cells  vary within very
wide  limits.  This  is  a  factor  which  must  be  reckoned  with  in  the
consideration  of  general  or  even  nitrogenous  autolysis.  Whether
the  augmented  autolysis  is  a  result  of  the catalytic  action  of  the
hydrogen  ions of the butyric  acid  or whether  the same  relationship
exists between the  lipolytic autolyses and  the decomposition of pro-
tein  substances,  is  hard  to  decide.
From this  somewhat  cursory  discussion  it  becomes  evident  that
at  the  time  when  the  cell  becomes  removed  from  its  circulation,
hydrolytic  changes  are  set  up  with  varying  degrees  of  rapidity;
the character  of  these  changes  is  dependent  upon  the condition  of
the  cell  at  the  time.  The  reaction of the fluids bathing  the proto-
plasm  (if  the protoplasm  is considered  to  be neutral)  is an  impor-
tant  factor  as  shown  by  the  many  investigations  upon  the  effect
of acidity and alkalinity  upon autolysis.  The results  recorded  here
plainly indicate however that changes in reaction which most nearly
simulate  those  which  can  occur  in  the  living cell  do  not alter  the
autolytic rate so markedly,  if they do at all, as where stronger acids
and alkalies are employed.
In the majority  of  cases  only the nitrogenous  autolysis  has  been
studied.  As  it  has been  indicated,  if  carbohydrates  are present  in
the cell, amylolytic autolysis will also occur; lipolytic autolysis prob-
ably  is as  constant  as  the nitrogenous  process.  Either  one  of  the
three types of autolysis  may occur  without the other.  Probably all
three  originate  when  general  autolysis  begins.  That  one  process
influences  the  others  and  that  the  products  of the  autolytic  hydro-
lyses  (lactic  acid,  fatty  acids,  etc.)  markedly  influence,  perhaps
augment  the others  (e. g., nitrogenous  autolysis)  are facts  rapidly
being  brought  into  prominence.  Further  study  in  this  direction
should  lie  in  attempts  to  test the  effect  upon  autolysis  of  a  single
type, e. g., nitrogenous,  by setting up simultaneously  in the  mixture
amylolytic  or lipolytic  autolysis;  this  would  also  include  the  effect
of autolytic  prodticts, upon the rate of all three types of autolysis.
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CONCLUSIONS.
I.  Under  certain  conditions,  general  autolysis  does  not  begin
immediately  upon  the  removal  of  the  organ  from  its  circulation.
This latent period  is  more apt to be  present in those  cases in which
the tissues  have been temporarily  cooled  on account  of the  use of  a
cold  saline diluent  or  in  which the  percentage  concentration  of  the
inorganic  salts  (calcium  or  potassium),  of  the  tissues  have  been
changed  by dilution with a sodium chloride  solution.  The presence
of  blood  and  absence  of  fats  and  of  glycogen  in  the  cells  act  as
important  factors  in  prolonging  the  latent  period.
2.  Attempts  to  produce  an  alkaline  reaction  (phenolphthalein)
in the tissue  resulted  negatively.  Solutions of disodium  hydrogen
phosphate and of sodium bicarbonate when added to the liver tissues
gave  a  mixture  which  was  acid  to  phenolphthalein  and  had  no
apparent  effect  upon  autolysis.
3.  The  addition  of  antiseptics-chloroform  and  toluol-mark-
edly  decreased  the  rate of  autolysis.  Ordinary  light  produced  no
effect.
4.  Ethyl  butyrate  when  added  to  the  tissue  became  hydrolysed
into butyric  acid;  the  formation  of this  acid  in the  mixture  caused
a decided acceleration  in the  autolytic  rate.  The acidity of a solu-
tion  of  dihydrogen  sodium  phosphate  failed  to  produce  a  similar
result.
5.  The  figures  for  the  changes  in  the  depression  of  the  freez-
ing-point,  non-coaguable  nitrogen  and  reaction  of  the  autolytic
mixture do not parallel  one another.  In some experiments a marked
increase  in  the depression  of the  freezing-point  was  unaccompanied
by augmentation of non-coagulable  nitrogen.
6.  General  autolysis  is  the  sum  total  of  proteolytic,  anylolytic
and lipolytic  factors.  Each of these autolytic  factors  may proceed
alone  for  a  time;  the  rate  of  one  is  decidedly  influenced  by  the
presence  or  absence  of  the  others.  The  acid  products  which  are
the  result of amylolytic  (lactic  acid)  and of  lipolytic  (higher  fatty
acids)  autolysis,  exert  a  pronounced  augmentative  effect  upon  the
commencement  and  rate of  nitrogenous  autolysis.
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